GPS educational trails are enjoying increasing popularity. The challenge for educators is now to develop more effective GPS education trails. This article tries to define a methodology for devising such trails. With an intensive literature study, the most important aspects and outcomes are selected and described. A grid with which to assess the learning effectiveness of a GPS education trail based on the points drawn from the literature is then proposed.
All previous articles in the field tend to focus especially on the transmitting of knowledge in a specific domain (NAVI NATUR 2010 , LUDE et al. 2013 , GRÜNDEL 2013 , BURT 2010 . LUDE (2013) shows how GPS education trails can be used in environmental education, but he does not totally integrate the standards of trail didactics or the didactic of excursions, which are important for the enhanced learning effect. His publication focuses more on the environmental education aspects. At the end, the author presents a gird, which enables the analysis of GPS education trails with regards to learning effectiveness.
Creating Good GPS Education Trails: A Challenge
To develop a methodology for designing education trails, the author used existing methods like didactics of geography excursions (LÖßNER 2011 , BÖING & SACHS 2007 , path didactics (MEGERLE 2003 / 2007 , LUDWIG 2005 , nature interpretation (LEHNES 2006 , LEHNES & GLAWION 2002 , mobile location based learning (HOLZINGER 2010 , ROBES 2009 , SEITZ 2011 , SCHNITZER 2012 , and with problem based learning (MANDL 2003) . At the end of this chapter, there will be an editable form to analyze GPS education trails for their learning effectiveness.
A Short Literature Overview of GPS Education Trails
GPS education trails integrate the geocaching method. "Geocaching is a high-tech treasure hunting game played throughout the world by adventure seekers equipped with GPS devices. The basic idea is to locate hidden containers, called geocaches, outdoors, and then share your experiences online" (GROUNDSPEAK 2010) . The method of geocaching wants to guide people to especially attractive places, which they can find with the help of GPS coordinates, which are mostly posted online, and a GPS device (GRÜNDEL 2013; WWW.GEOCACHING. DE) . This method is quickly spreading in the education field, in both the formal and informal sector (KOLLER 2010; WWW.EDUNAUTEN.NET). If there are more geocaches which treat the same content from a different perspective and the producer organizes the caches in one path, it is called a GPS trail. GPS education trails are on the increase, especially the ones which focus on a certain theme. Thereby each cache treats one aspect of the main theme. (WWW.EDUNAUTEN.NET; FORMMHOOLD 2011) Authors call this kind of cache an educache. The learning subject is outside the digital media; it is in the location itself. The educache has to be more than a mere location if it is to initiate a learning process. The location itself must provide an opportunity to ask questions and give the possibility to start a thinking process, as described above (www.educache.net).
Integration of Different Didactical Aspects
To create a good GPS education trail, three different aspects need to be taken into account: 1. Integration of different learning contents, 2. Physical construction of a GPS education trail, 3. Remarks on the cache stations and their environment. These aspects have to be considered independently. The author focuses on problem based and local based learning, because the learning effect will be the highest in combining these two approaches. While problem based learning concentrates only on the preparation of the content, local based learning also integrates the use of new media outdoors, and also takes into account software learning.
Problem based learning
Psychologists talk about inert knowledge in the learning process, which means that people have problems in applying their knowledge to new problem situations beyond the instructional context (MANDL 2003) . Problem-based learning provides the possibility of minimizing this drawback, and enabling the activation of previous knowledge. Since MANDL (2003) , problem-based learning has covered five aspects: Active learning processes, selfassessment skills, situative learning (this goes along with the location based learning), and constructive and social processes (MANDL 2003, 9) . Problem-based learning starts from the students' personal and direct experiences and gives them something to do, instead of something to learn. The educator's sole role is to place the students in action so that they can reflect on the relations involved in the object of study themselves. Therefore, students should face "real" problems not simulated or ridiculous problems that would propel them to action (CUNHA & DEWEY 1994) . Students will make strong connections between concepts when they learn facts and skills by actively receiving information (GALLGHER 1997 , RESNICK & KLOPPER 1989 . By trying to answer questions, students will be involved in independent thinking and working. For this reason, the title of the cache should be a question; indicating that this method is being used. As problem-based learning is used with new medias like mobiles, the planers should also integrate in the learning process location based learning, which also regards software learning.
Location-based Learning
GPS education trails include location-based learning. This is an umbrella term for learning scenarios, services, and learning software which are especially related to the current residence of learning (PEASCHKE & PARDEY & SEITZ 2013 , SEITZ 2011 . Location-based learning provides the user with a new way to experience the area. People find out about special local places with the help of their mobile phones, GPS coordinates and special map information. A key factor of location-based learning is that it compares favourably with a neutral form of information transmitting, especially for people who are used to digital equipment and for whom access to digital technology is normal (SCHNITZER 2012) . Typical for the case of local-based learning is the connection with a game or gaming elements, because it creates a degree of emotional attachment for the learner. GEE (2009) describes gaming as "psyching out how rules can be used for one's advantage to accomplish goals to which one is personally and emotionally attached" (GEE 2009, 70) .
These games have many interactive possibilities, and this is a first possibility for the caches of the GPS education trails. Another aspect of location-based learning are micro learning scenarios, a style of learning which suits many people and can also be found in the caches. The reason for this is that Internet users are used to small, internet-provided information, procured by googling terms. These people are used to working with the "information appetizer", "learning appetizer" or "learning nugget" (ROBES 2009 ). This kind of learning environment provided by geocaches can provide such nuggets, especially as the tasks should not be too long. However, this kind of learning is not always sufficient. Generally, in location-based learning, the presentation of information is important with the help of the internet, but the preparation of the information is less important. It is crucial that technology is only a vehicle for learning. In order to integrate the learning aspect, it is therefore vital to incorporate "problem-based learning" (HOLZINGER 2010).
The special relation of learning outside in nature can be created with the help of environmental interpretation.
Environmental interpretation
The learning methods outlined above should be used in combination with the method known as environmental interpretation. This kind of interpretation comes from the USA. It allows one to translate the language of natural phenomena into the language of people (LUDWIG 2003, 1) . This method has the aim of communicating between the contemplator and the natural phenomena, and to create a connection between the phenomena, entering into the contemplator's world. For this you can use open questions (hence the connection to problem based learning), comparisons, or images, in order to give the contemplator a thought provoking impulse. In this way, the creator of the GPS education trail can realize an exciting presentation of facts and interrelationships, which force the visitor into their own thinking and acting (NUTZ 2003, 28 f) . These aims compliment problem-based learning and location based learning. The aim of landscape interpretation is not only to provide facts, but also to impart deeper knowledge. The GPS education trail touches the participant emotionally; awakens them, so that they recognize the value of their surroundings (EDER & ARNBERGER 2008, 53) . A very important aspect is the active dialogue between the interpreter and the participant. The task of the interpreter is to build a bridge between the natural phenomena and the visitor. To reach this goal, the creator of the trail must be able to predict the perception and thinking of the visitors, so that he can integrate them. (LUDWIG 2003) . This way of guiding people through nature has a profound impact on learning when used in conjunction with the other methods, because it integrates the visitor and addresses him personally. Environmental interpretation can also happen in the medial way with the help of GPS education trails. The caches have to have a direct connection to natural phenomena at the location. (MEGERLE 2003, 18) .
Didactics of excursion
Another aspect of didactics which should inform our outline is the didactic of excursion. A good GPS education trail has three phases, as you can see in the didactics of excursions (HEMMER & UPHUES 2009 , RINSCHEDE 2009 ): preparation, performance, post-processing (figure 1).
Preparation
In the preparation phase, there will be organizational activities, in combination with the content, both didactical and methodological.
Performance
The performance is the participants' actual going through the GPS education trail (chapter 2.3). Each cache should only treat one subject, which is very obvious. The information should decrease with the length of the trail, because concentration decreases over time. According to the didactics of excursions, the first and the last locations are very important (BEYER & HEMMER 2004) . The last location is what people will usually remember best. In every area, the trail developer has to respect the guiding principle of excursions: Integration of the participants and motivation of the participants, but also the psychology of learning; the learning effect (GUDJONS 2008 , 61 ff, HASSELHORN & GOLD 2009 .
Post-processing
The post-processing activities can occur in another place and should provide an opportunity to reflect on the process and to get deeper information.
Physical construction of a GPS education trail
Every GPS education trail consists of three steps: the preparation , performance (entrance, main and exit area) and post-processing. (Figure 1 ).
Fig. 1:
The dramaturgy course of the visit of a GPS education trail (the author)
Entrance Area
The entrance area is the first contact point for the participants with the trail in reality. If they have had no preparation before, it is a kind of reception area. At the beginning of the trail, the participants should become familiarized with the topic. You can use elements of constructive didactics (BÖING & SACHS 2007) . The first step is for people to mentally 'arrive' at the trail. You can look into their personal relationship with the theme, and knowledge they already have (BÖING & SACHS 2007) . In this way, they can get familiar with the theme. Then you give some short information about the main aims of the GPS education trail, the distance and difficulty of the trail, and whether it is a cycle way or the end is in another place. A map with the different cache locations and contact address could be included, even better if it is linked to a homepage. The following aspects are not directly connected to the learning aspect, but they make sure that people are primed for the trail and are starting a learning process. The area itself should be readily found and easily visible, perhaps with the possibility to sit, and a parking area for cars, or better still, a bus stop nearby (MEGERLE 2007) .
Main Area
The main area is the course itself. It should be varied. Each cache should lead smoothly to the next. There should not be repetition. From the didactic of excursions, we know that each cache should communicate one aspect, so that each location is connected to one specific theme (BEYER & HEMMER 2004) . The organization of caches will be explained in detail later (chapter 2.4). The route has the function of communicating the landscape experi-ences and guiding the people to the cultural and natural highlights of the landscape. (ARNBERGER & HAIDE 2005) . The criteria for the distance of a GPS education trail is the audience, so GPS education trails for families are normally shorter than those for students. The distance is important, but also the difference in altitude should be taken into account. A good average distance is between two and four kilometers (MEGERLE 2003) . The distance between different stations should be around 10 minutes, meaning you would find ten to fifteen caches on a three-kilometer trail (ENGELSCHALL 2012, 14) .
Exit Area
Like the entrance area, the exit area also needs a special place, which can provide for the 'decay' in a nice area. (LUDWIG 2003) . As with the beginning, the end of the GPS education trail should also be clearly marked in content and area. Otherwise, visitors may get confused. The most important message of the GPS education trail should be concentrated. The last impression is the most important because this is what the participant will remember. At the end, there should be a kind of special post-discovering, so that the participants can reflect on the learning aspects, but also their emotions during the GPS education trails. This increases the learning effect (BÖING & SACHS 2007) .
Remarks on the Cache Stations
The cache itself can be divided in different aspects: The learning methodology (chapter 2.2); the design of the content; the script and the technical aspects.
Design of the cache Cache title
The title can dictate whether the participant does the cache or not. Interesting titles arouse the attention of the participants to read the content in the cache and start a learning process. Authors should use interesting titles like "What is hidden beneath the grass?" Instead of "stone pit".
Text Composition
Independently of the possibilities which the web 2.0 offers, a closer look must also be taken at the text composition. You can find good examples in the path didactics. The textual content should be similar to a news article. The most important information should be at the beginning. The content should have a relation with the participants, offer examples from their lives, so that they have a kind of 'aha' effect. The text should be provoking and offer relationships. Simple sentences with few foreign words are better. Also personal addresses which challenge people to think along, make comparisons and interrogate their lives work best (LUDWIG 2005 , WOHLERS 2003 . One method to attract the participant is the use of storytelling, allowing information from the different caches to make a story (LUDWIG 2005 , LEHNES & GLAWION 2002 . Too large bodies of text tend to give the impression that it takes some effort and time to deal with the cache. Even the summary might be ignored if at a first glance the panel as a whole does not look inviting. Research on self-guided trails in The Black Forest has shown that the German public considers a body of text consisting of roughly 170 words as appropriate. 200-250 words are mostly met, 251-300 are partly met, 301-400 are hardly met and 400 are not met at all (LUDWIG 2005 , EDER & ARNBERGER 2007 . Homogenous design promotes recognition and makes learning easier. The content of the caches must be designed in such a way that the essential information can be seen at a glance. There can then be an outline through enumeration or chronologizing of the content. (LUDWIG 2005) .
Script
Generally, you can divide the script into different families. Big letters are only good for the heading and not for the continuous text. In comparison to small letters, the big letters require more than 40% of the space. Left aligned text makes for easier reading than the justified style (LUDWIG 2005 ).
Technical Aspects
The task the participants have to solve also depends on the technical infrastructure of the GPS education trail. The lowest grade is one where the participants search for the location of the cache with the help of a GPS device or a mobile phone, and there people find a kind of cachebox. The next step is that people no longer find a cache box but use the method of mobile tagging (HEGEN & GOLD 2010 ) with a QR code (Quick Response codes). If the mobile has no connection to the internet, the QR codes can be used like a classic cache. Instead of reading the cache letter, the code must be scanned to get the information. The next step is that the code is linked to a homepage with interactive tasks to bring together the different learning perspectives (chapter 2.2) with the programming standards, so that at the end the learning effect is the highest. Linking to online maps, historic information and video, and upcoming nature programs are also possible (FROMMHOLD & MEWES 2011) . QR Codes are very practical for a couple of different reasons. One is that even if 30% of the code is damaged, the content is still readable. (WESTERMANN 2013 , HEGEN 2010 . For GPS education trails, indirect codes are better. (HEGEN 2010, 35) . The future lies in 4D QR Codes with colour and animation, so the data will be no longer be transferred by a picture, but by a film sequence. The most errors happen, when the code is poorly stationed. The optimal code depends on the distance of the user: A rule of thumb is that 10mm is the minimum length of the edge of the code (WESTERMANN 2013, 58) . The QR Codes can be particularly useful if they are linked to a homepage for evaluating the different caches (URBAN 2014).
The aspects covered here are all in the grid below. The grid allows the educator to evaluate the effectiveness of GPS education trails. 
Tab. 1: Grid to evaluate a GPS education trail

Conclusions
To summarize the most basic points of a methodology of GPS education trails, planners have to consider different learning methods, such as problem learning in combination with mobile learning, to achieve the highest learning effect. To integrate the environmental aspect in the cache, tasks also have to include the landscape around it. Looking at the GPS trail as a whole, it needs to be taken into account that there are processes before, during and after performance (as seen in figure 1 ). Some story should be developed for the GPS trail, with an arc of suspense, to attract the attention of the people till the end. The caches themselves, as well as their design, need to recognize the different learning methods, this means the text composition like interesting titles, script, length of the text. Thereby QR Codes offer a very interesting means, offering the possibility of using mobile learning more intensively. Table 2 is a form that can help to evaluate a GPS education trail for its effectiveness. The next step would be to look at existing GPS education trails, to find out in which aspects they use the different corner points of a methodology of GPS education trails. Moreover, this article enables the development of a GPS education trail that involves all these aspects and the evaluation of this trail.
